Pulmonary pharmacokinetics of levofloxacin in rats after aerosolization of immediate-release chitosan or sustained-release PLGA microspheres.
A comparative pharmacokinetic study was conducted in rats after intratracheal aerosolization of levofloxacin, as a solution, as immediate-release chitosan microspheres or as sustained-release PLGA microspheres. A pharmacokinetic model was constructed to model levofloxacin concentrations both in plasma and in the lung epithelial lining fluid (ELF). The plasma and ELF experimental concentration profiles versus time were similar for the intravenous and intratracheal levofloxacin solutions and for the intratracheal levofloxacin-loaded chitosan microsphere dry powder, indicating that levofloxacin diffused almost instantaneously through the broncho-alveolar barrier and that the chitosan microspheres released levofloxacin very rapidly, as anticipated from in vitro release studies. The bioavailability for the intratracheal levofloxacin solution and intratracheal chitosan microspheres was estimated to be 98% and 71%, respectively, both with a direct release into the ELF compartment. The ELF-to-unbound plasma AUC ratios were slightly above 2 and may result from an efflux transport. For the intratracheal PLGA microspheres, a high ELF-to-unbound plasma AUC concentration ratio (311) was observed and high levofloxacin concentrations were maintained in ELF for at least 72h in consistency with the in vitro release studies. The bioavailability was 92%, with 19% of the dose released immediately (burst release) into the ELF and 73% released slowly into the ELF from a depot compartment, i.e. the PLGA microspheres, according to a Weibull model. These results highlight the benefit of using sustained-release microspheres administered as aerosols to provide and to maintain high pulmonary concentrations of an antibiotic characterized with a high permeability profile through the broncho-alveolar barrier. The sustained-release microsphere dry powder aerosol may therefore provide advantages over solutions or pure drug dry powders for inhalation in terms of treatment efficiency, ease of use and frequency of administration.